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ABSTIACT B>

In recent yeersd at the U, S, Haval Pastgradudte dchaol, & saser %f i

deal of interost has been exhibited &n the use of hydrogin-moorgrn ey Lee :g} %
sions in semi-enclosed charbers as an undervater acountle slpusl zouris. e %
The basic intent of this thesis was an investigation of the smsmt of '%é %
acoustic aneargy availsbla from such a contvolled explowion ani £is de- .E%, g
pendence on various mixtures of gas, including excass amonnts o hydwe- .':* %
gen, oxygen and aitrogen. : %
The low cnergy yields obtained were both unexpected and dinacpoint- ffé §

ing and the efficiency of conversion from chamical to &coustic enzrzy : %

vas astontshingly low; so low that the valus of the proceess 23 a wroursg

o

of acoustic signals {is considered to be of dnubtful significanca.

Prequency spectra and time domsin photographa of eceach sxplesinn

and a shtort section on varlation of easrg: with depth of exrlontim

sre {ncluded,
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l. Intcoduction,

This thesis was underiuken as 4 direct follow-up of sone of the re-
commendations made in theses coupleted at the Nuval Postgraduste Schosl in
1960 and 1961, /1/, /2/

Since the work done in thase thases indicatad that explosive mixtures
of oxygen and hydrogen could ba obtained dy controlled alectrolysis &n
sea vatur and that a judicious cholce of chamdber size and shape, ex-
plosive mixture, quantity and type of excess gns and depth could result
in sccustic signals of discrete bandwidth, it was felt by the suthiors tham?
further investigation of this wmethod of gencrating acoustic signals could
yvield fwportant results.

The authors decided that the field of acoustic en2rgy mcasuremdnt wds
wost important since it would lead to a knowladge of the sctual recovstic
energy avallable and to a dotermination of the claimlesl to seoustic onaxyy
convex+icn efficiency, 1In addition, this ares of study sireld movide o
method of determining the most efficient mixture, the bast chaps of tisns~
ducer and any changes in mixture which might bo required, &5 & function of
depth, to maintain efflcfency.

Due to problemis encounter>d i{n the callbration of hydtcphonas, in
devisin; 2 wethod of positioning tha hydrogpiiona with zaspect to the tians-
ducer without inducing secondary «ffects {n th. systen and, {u no snall
degree, to poor weathar conditions over a large part of the periud nvafl-
able for experimentatiou, {t was not posaihle to davesris.te of! we Lhoe

- welie

parameters, Sincc a riwpla transducar was avallable fro pre fros ax

perimerts, /2/, {t was used in this experiment with the €7 ranfon uf aad0 8.

ing it as results and devaeloprients dlctated, Due to thr pr.blsms previeus -

ly mentfoned, no changes were wads and the results prossaiad o this ¥ e
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are for this transducer 6n1y.

In conducting the experiwments, & hydrophone was counccted to a tepe
recorder which received and stored the signal for later analysis in the
laboratory, “nalysis was carried out using a spectrum analyzer and oscile
loscope for frequency and time domain studies, The acoustic caergy wes

calculated by a time sampling technlquu‘wtth voltage ordinates obtained

from the expanded trace of the memoscope and converted to pressura ordinates

through & knowledge of the characteristics of the hydrophone and tape record-
er. The equipment, the techniques used, and tha calibration procedures
followad are more fully discussed in the Appendiceas,

It would not be possible here to include the nam:s of all who hava
bsen of assistance to us in obtaining equipment and providing guidance and
advice, We do, howover, wish to extend our thanks to Professor C, F, Klamn
for asaistance with the energy calculation methed, to Professovs L, E,
Kinsler, 0. B. Wileon and D. A, Stentz for helpful suzzostloas, o Profaraog
C. E, Meanecken for arranging the loan of the spectrum analyzer, and to the
Pirst Lieutenant, LCDR W, B, Walkup, who provided the boat znd erew without
which 1t would not have been possiblc to conduct the experimants, Spacisl

thanks go to the men of the boat crew and techuiclans of the «lectronics

staff who worked for us under sometinse adversa condictons s sea.
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2. Equipmant and Measurewents.

(8) Fransducer, Ges Mousureswnt and Yznition of kxrlonien

As mentioned, the explosive chamber (transducer) was evallabls

from previous experiments, /Z/ The transducer is shown in Fig, 1.

The gas volumc maasuresent pracedure used was fdsantical wieh
that employed by previous sxperimerters /2/ and the c:lilration cutves
for the regulator valves used ars given in Appendix 1,

Ignicion of the explosion wvae accosplished by placlng v~ ufx
volt d.c, battaries in series acruss s rvosistance coil in the uxplosive
chamber, Firing current varied from 10 to 12 amperes., Iznition timm
varied from 8 to 20 sec and seemed to be an {ncreasing function of the
awount of excess gas.

(b) Hydrophone

The hydrophone used was a BICRIa for wifch a caithoutlar augve
was available from 40 cpa to 600 cps when used wizh 335 ¢ of 2 cevduvkog
shieldud cable, Since an additional 200 £t of cable had to b4 sdded io
this short cahle to reach the dapths at vhich ctha tests vare coadveipd,
reciprocity calibrations wura attemptad, In & tank, at ssvaral froyyng»
cies between 50 and 600 cps. As might be expocted, difficulties wetw
encountered with standing wavas aud accurate resulis were uot ohetaiacd,
HRowever, with the results that ware obtafned and by comparisen through
the substitucion methad with an ML153 hydrophonz, for vhich a calibiva-
tion curve was avaflable, 8 figura of =35 ¢h xa 1 wolt per sdosadar var
obtained for the frequency venge of Jrcecest, This comporad witih <817
re 1 volt par microder given on the calibretion cuxvae wad ferso antlgale

reasonable in view of the extra length ¢f cable favolwed, Shis

.y
>
&

AR

of -85 db re ! volr per microbay was wivd Ag L bvdrophone gaspoii-= in

.

f’e .

Ve e

L o 5 gl

e -
;-'-:\m\ IR

L T
O L
: LRI e A

B

. ¥




1r Yy g

— CAULE
GLAND vPA

\l§ :.éﬁv'zmo \\\J J . ‘»—7% :\;
- 5
Y /\\\\\\\\‘
\ 2"

i el

O

N

e

-~

VuLUME

545 LITERS

TS

SKETCH OF Tiithn

l -” '
l 4
I 1
.K.'.6{.........." ] ,
- ]
s >
i
SOULE” USED - Ftourae 4

b



ittt

R S

-

sl

Bl O P

ali calculations,

{c) Bvdrophune Positioning

In weasuring the acoustic energy available frow an exploston
it iz necessary to Iix the hydrophone at a known distance from the source
of the explosion, It 4s also important to know whotier there 13 any direc~
tionality &n the propagation of the sound due to the zramsducer configuca-
tion or other factors, If meassuremunts could be mads at several fixad
angles relative to the transducer while maintaining o fixed distanca frow
it, any directionality present in the signal should be apparent. An atteape
wes made to meet thesa requirements by fixing the hydrophone to the «nd of
¢ boom, the other end of which was pivoted at the suspension pofnt of the
trensducer,

Unfortunately, it was found that with a free hanging transducer,
as vas used in thes: experingants, the pregencc of the daom had an ¢ffect an
the explosfon and that this effect variad wirth the posicion of the boon.

Yor instance, high frequencies (3-4 Kcs,) were observad in the cutput when
the boom vas vertfical or clusa to vertical «hich were aot present when the
hydrophone was placed in the sa=w position by tying {t to the suspencion }ine
and removing the boom, This indicated that ikte boom was exciied to longt-
tudinal vibration by the force of the explostfon and thae the high fraquenctes
came from the boom and not the transducer, The .oom was theralore diseredss
and another approsch to the problem of diractlona. Ly "8 oade, '

The hydsoplone was attachad to 8 lespeh of Tine which gog sacured
to the suspension catle of the treusduear; .ufficlen: tanafon was plecied o
the hydrophone cable to fnnure that the hydrophone to vraeadeccr spacing was
approximately the irngth of the line, Ta xhis sm¢ the hydrophong was posd-
tioned at scveral diliereut though wakaour aesles with =capacy 20 the tsspe-

ducer, When the culput wave furme of @upleti’~ng wirh th: hydrophone dlvect i~
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above the tyansducer were corpared with the outyul weve forms of similay
explesions with che hydcrophene approxlwitely the sase Ziatiuen to owve
sfde of the transducexr, they were found to bue quite simllex ard, with Tou
exceptions, contained no frequancies above 6C0 cpr. Hince it 43 known 1hol
1little dirvectivity can be expectad from any device whosa physical dlanzlons
are less than one quarter wave length, (approx. IC0 fnches 1% 600 cps fn saa
wvater) it was apparent that the 7-1/2 {nches diameter by 12 tnciws lcug Craue-
ducer could not direct the sound, On thiz premise, the transducer wvas traat-
ed as & point source, radiating sound uniformly fn all directions, and all
measurements were made with the hydrophone secured to th: tranaducer sue~
pension line at & point 20 ft above the center of the transducer,
(d) Recording System
Since an open boat without an electric power plent ves coployad
as a platform from which to comluct the actual axplosioas fn decp weter, i
was not posaible to.tahc analysis equipuant slong., Tasiewd, n ssail 12 vole
d.c. to 117 volt 60 cps rotary ccaverter was used to 2upply an Ampax U7
Tape Fecorder, on which ull explosiong ware ;ecorded.
. The tapu racorder had & zalatively small dyrveric vange (about X%
db) and care had to ba taken not to overiond the Inyut enplifiey, thoaavay
overload did cceur, the shot was repcated at a Iover inpuc lovel. Tope e~
corder gain characteristics weras inVeﬂtigﬂtﬂd as & Luscklen of {npet levsl
and are given in Fig, 2, In all caleulstions galns of 17, 18, nad 24 db av
vere used for amicrophone input levals of 3.0, 3,35 and 4.0 raqpserisedy,
(e) Analyais |
Analysis of the vacordel explocion waveforms viae carvied vai 4n
both the time and fraguency dwadns, The output of the tape recosntue,

properly temminscud fn a 6O clhin lond, vas fed to & Hughez “Memcsenpo’
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.in ordar to obtain voltage vs time waveforms vhich could be converted to

pressure vs tine through & lnowledge of the tape tecusder and hidrophone

response chacacteristics.

Using sawpling theory, it was possible to calculate tha acoustic

energy generated by wvich explosion from the pressure vs time waveforms.

Appandix II gives the theory and an fliustration of the technique used {n

these calculations,

The output of the tape recorder was also fod taﬁi Koy Blectric

"Vibralyzer" from which an amplitude vs frequency spectrum wus cobtafned,
/

usually from 5 to 250 cps but occasfonally 5 to 500 cps when the spectrum

spread beyond 250 cps., It was not possible to calibrate the Vibralyzer

80 as to give absolute intensity levels, due to the complicated interaction

of the record level, reproduce level and mark level controls but ralative

amplitudes of prominent components could be determinad, The seplitude

scelas on the spectra in Appendix IV are tharefore plotted in db batlow

the amplitude of the peak compenent,

It may be noted in many of the time domain pliatographs, mose

noticsably in numbar 22, that a high frejqusncy compea=nt s préesant during

portions of the output pulse, The frequaincy of this comporant was detove

: -t y » " . L P i [t \
A LA 0 S L o ) Dok O o e 4 o i o b g o o e 8 i b Mg b g I A B bl e B A, b2 okt S e s Bl ] s

mined to be about 2 Kes which {s the €rejuency of "riaging” of tha terns-

ducer itself when partially filled with 3as, svapended just balew the sux-

face ind hit with a hamaer, Since this component is lnsignificant in

nearly all cases, {t was {gnoved {n computing the ersrxy contan? of the

output waveforms,
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3. Resules,

At the buginning of the tnvestigation, it was kacwn /27 thni ehe
swmount of gus in the chauber ovar snd above the swcuat Lhnt would s.acoatfne
in the explosion vas one of the factors controlling the wi¢th o€ tha spwe-~
trum that wouid be obtained. It was also {mplied, Lf ncC wenteld, that the
acoustic energy available from the explosions in the transducar wae guite
large. /1/ This sssumption was later proven to be invalid; but the jpvesti-
gation began with it as & basis with the intent of measuring this vunerygy,

investigating any directionality of the transducer as a nucessary adjunce to

measuring the energy and computing the chemical to acousticnl esesgy cun-

version efficiency.

As the investigation progressed, results were obtained which fndicuzad
that not only the arount of excess gas but, to some extent, tha rature of
the excess gas was a parameter affecting the scovstic enavygy contdnt of tho

explosion, The authors dacided at this point to concentrate thel ~Z%ars

(P BN

in this area and to atteapt to detcernmine as nearly as possible the : txt-ee

at one depth vhich would produce the maximum acoustic enargy.
A transducer depth of 200 ft and a watar depth always fn axguis of 4002

ft verz: selected to mininize surface and bottow raflections, Werw iy ax-

plosions were set off with varying ameunts of pure hydrogen, cxygs

FIATIRSTS B O

trogan as the excess pas and additional shots ware mide wizh eardoes mlg.

tures of these gases a3 excess. During this serics of shots, one lfrar «f

2

The end results cf the {ovestigation can Ycst be apprecieced

combustivle mixture (0,33 liter 0, and 0,67 1{ter Hz) Wz nalfota’s o

e 3

study of Figures 3, 4, sad 3, valch shiow curves of scoustiac v v v

a0
function of qunnzity of excess ygas oy pure bydrazan excesy, pntn olfveon

excass, aud varfous miztures of exceas xenpuctively, Tt L fmmedicvoly

N,
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obvioys that the addition of excess gas affuects the accustic outpue and
that peak acoustic oulput vccur: tor retlom of cxcess gas to explosive

sixture: between 1,5:1 and 2:1, This peaking effect corvclates Lo sose ux-

_tent with detonation velocities for mixtures of these saxe gases given on

page 80, Underwater Explosions by R. H, Cole /3/,

The most surprising result of the (nvastigatfon, waz nefther that 2
peak did occur nor that it occurred where 12 did, but that the accustic
output at this peak was so small, WUhen it {5 considered that over 7000
Joules of free enurgy s available {n the recombination of the guses ia-
volved, (ses Appendix IV) the convarsion of less than on¢ joule to acous-
tic energy given a conversion efficiency in the neighborhood of 1/1C0 of
one percent, Waen it s further considered that the spectra obtained in
the region of maxiwum efficiency are relatively broad compared to the nar-
rover spsctra obtained with less afficient explesicas, it is appaxent that
the requirements of high acoustic output and rurvow saectrum are vosteallis
incompacidle, ac least for the particular transducer used in these tosts, .
In any case the very low acoustic efficiency indicates tha process §s of
doubtful value as a source of high {ntensity acoustic signals,

Although the study of the spectra {nvolved {a thesé explosious has
already bean well covared /2/, the time domain picturns, frequency opuctcit
and a tabulaction of acoustic energy content axe ioacluded in Appendix TIX1

for those {nterested in studying tham, Time desatn plctures have ordipaten

2
converced to pressure in newtons/meter” and sbacinsa gives in milli-zeccrio,

while the frequency spactra ordiunates give relativa powsy in dacllals beiuw
the power in the strongest frequency corponent.

A briefl study of acoustic energy as & function of depth was aztemptad.
For a ringle mixture, shots ware conducted au 200, 173, 130, 125, ang 1GY

.
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faek, Tha slxture chefen bt ewd Tlters eweets irfiozen aud the vsioity
are plotted in ¥iz, 6 which {ndicites that there lv wo significant vari-
ation over the range of depths investigated.

Interesting, though not important, results ware obtained in the ex-
plosions which contained oxygen as the excess gas (Appendix 1IV), nunbere
37 to 41), The pulse was approximately the samc pressure level as the
excess hydrogen and nitrogen shots, but vas of very short dursticm, iu

some casss only one or twu cycles of oscillation,
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4. Couciustons,

(8) Acoustic enecgy content is & function of excess giz fu the ox-
plosiva mixture and varies with the nature of the excesz gas.

(b) As a8 function of the amount of excess gas, the range vver wvhich
maximum acoustic enexgy is obtained dues not correspond with the renge
over which the narrow bandwidth desired is obtailned. Thezefere, for the
transducer used, thess two desirable charactaristics ara fncompacible.,

(c) Chemical to acoustic energy conversion efficiencles are extrerus
ly low in the transducer used in thase expariments, Peak efficiveny oh-
tained vas of the order of 1/100 of one parcent.

(4) The efficlency of the process, using bottled gas or in ¢ua-
junction with a hydrolysis process, ls-ao low that itz value as a souree
of high intensity acoustic signals is extrcmely doubtful.

5. Recommandations,

(a) No further work should be done in this fleld at the . 5. Mava!
Postgraduats School unless theoretical studies {ndicate a transducer Sa-
sign, gas mixture or detonsatfion method which would improve the conversisn
efficiency by at leazst 3 ordurs of nugnitude,

(b} In the avent that further work 13 suthorized, a wove 2uitsble
boat with an intewrnal powcr supply and equipped with suftrols e

winches should be provided as a platform from wvhich to couducs the twste,
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APPLIDIX T

GAS VOLUME MEASUREMUNIS
The technique of metering the gaa into the explosive chanbtoar u-y

develyoped by previovus expeciwentexs, /2/ The calibration curves for

e A A oty O KR B e et 10 P L

the regulator valves uved sre shown in Fiz. 7 wherc the ordinats s
willi-1liters of gas and the abscisca is gas pressure {n the high prucsura

gauge of the valve,
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APFERDIY 7
SAMPLING TZCHNIQUE AND ERERGY COMPUTAZIOH
As mentioned in the text and of;‘\ct‘ appandices, the smye focns of
the axplosive signals werc displayed on the Jugheés Muiso-scope. Ocdinutes
were then rccorded every At seconds whero At ts doftned as follows:
If any complex wave form ba sawpled at a rate such thst the number
of samples is 2T Wr1l, vhere T 1s the leugeh of the sigeal if the

signal is non-perfodic and is the parifod if the signul has pericdicity

" and wheths dafined as twice the highest significant frequenc: com-

ponent, then sampling theory states that he wave form may be repro juced
from these ordinates to an excellent degree of accuvacy, If wo assume
that 2TX ts much greater than ome then the number of samples bocomes
ZTW and the sampling interval is 'T‘ » the length of the pulse, divide
ed by Z'TW, the r;umber of sample ordfuatea; this sampling faieaval 4s
that AT which was to be defined,

From sampling theory we also knou that the encrzy {n the pulse {s
glven by '

2

2 Energy = Z V;’{ . A't
vhaere Z vl< is the sumcation of thi: squarves of the ssvera! ssupled
ordipatas, Vg « Deve the waveform {4 assumed &0 be sau 2f voltage and
also to be taken across a one oham load, From the gule charvacteriscies
of the tape vecorder, the rosponse charncteviscics of ths wicefeing
hydrophone and spherieal divergence for the kuown sparing beoweer hydeo-
phone and tranaducer, the voltsge ordinites way b noaveried to smoustic
presaure ordinaten. Acoustic energy In the axplonive nragauls pulse may

then bhe computed from the xelstion -

% .
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vhere :EL f?;a fa the gunnatleon of the squares of the yuxdags grdba-
atas, B@ o The quanrtity @C {s the dceusels {upeicale -0 s witer
and the term 447 serves to intograte over the staninrd spliere <f oese
meter vadfus, Here Lt 1s assured that there is w dirsctivicy, sn
assumption that {s reasonable for the frequencics {nvolved and one
that was to some degres verified by observation,
Now, compute the conversion constant which converts voltage squared
to acoustic prassure squared, Assume one volt out of the tape recordsr
at a mfcrophone f{nput level setting of four (24 db gain), The f{oput
wouid then be 24 db balow ore volt; and, assuming the recefving hydro-
phonc to be flat at -85 db ra 1 volt per wmicrobar, the sound pressure
level at 20 ft {s
SPL = =24 - ( -85) = 61 db,

Allouwing for spherical diverguuce to £ind the source level ( 31, ),
SL =« 61 + 20 log ¢ ( r Lo paters.)
SL = 61 « 20 log 6.10 = 76,7 db,

From the relation batween scurce level and pressure

SL = 20 log 10 P& (vhere P, 15 accustic greasuce
in Newtons per dquars avear.)

The pressuye equivalent of 1 volt is

pb = 684 Rbutons/me:er32/ant.

squacfing this constant yields

P: m 4,68 x IOs Neutonsz/mctersalvoltaz.

Similrr calculations €or microphone {nput levels of theea ( 12 &b gntn )

and three and one-half ( 18 dh gafin) gave ae values for Pz apd P

P§ « 7,61 x 106

P3 w2.72% x !03 wcwrone/metnrnzjva!t.

Newt0wszlmQCer54/volzsz.

” B
P; s " 1.870 x 106 xoutonsz/ne:ncaqlvcltsz,

93 5" 1.268 x 103 Nﬁutcnn/muturszlvolt,
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Now for any giver 2 y K B abevey bane loper teve! the cuergy to
thu pulse is
aw-atl o % “
Encrgy = QT Pmo(; Level Z Vi
and the {nstanfonecus peak power is
. ’ 1Y P ' \Coﬁ‘
: Pask power o AL . V eAk
e° P
A tabulation for ail shots {s glven in Appendds TTI,
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APPERDLY XX
A TABULATION OF ALL SHOTS, TIMZE DOMATY

PHOTOGRATHS AKD FREGUENCY SPECTRA
Tadble I fucludes shot

This appendix ts a tabulation of all shots.

TN R T

nunber, date shot mede, nature snd quantity of excess gas, instanirnaous
Time dowain photographs

LA

psak acoustic power and total acoustic energy,

and frequency spectra for each shot f{n Table T are also shownm,

L Y e Sy

In the time dowain photozrsphs the ordiaaste {s given (n newtons/

i bk Rt

nurz per division and the abscissa in milli-seconds per division,

E
h
3
k!
E
=4
3
E;
3
g
2,
K
3
k5
3
s
2
2
E
b
¥
i

SR O O

In the frequency spectra the ordinate is in dacibals below tha peck

component and the shscissa in cycles per second,
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TABLE T
Shot Date Excess Gas Instantaacous Tain!
of H, N, Peak Acoustic Acouselc
Shot Power _Energy -
Liters Liters Watts Jouley
l 21 ’.b. 300 - s.s .osl
2 7 Klt. 300 hd 11 -093
3 7 le. 205 - 36;7 0248
6 t3 Hll‘. 2025 - l37 01058
5 23 Teb, 2,0 - 88 .580
6 7 lllt' 200 - 107 0562
7 13 Hlt. 1075 - 146 0690
3 7 lﬁl‘. 105 - 137 0612
9 13 Hﬂt‘. los - 1’06 0647
lo ‘3 mrc 1.15 - 20805 0564
11 28 Fed 1.0 - $5.3 + 196
12 21 ¥ed, - 3.0 11,7 066
13 7 Mar, - 3.0 12,4 138
16 7 ml’. - 3.5 806 0136
18 27 Mar, - 2,0 23,0 . 125
16 13 Mar, - 2,0 29,9 .252
17 13 Mar, - 1.75 $i.6 471
18 7 mt. - lQ 5 95 Y S} 1
19 - 13 mro - 1.5 8706 0509
20 13 Mar, - 1.28 156 .518
21 28 Peb. - 100 55.3 0212
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TABIE T (cont.)

Shot bet. Excuss fiss ezt apteneons Xegad
of Rz o2 Nz Peak Acouscic Aewmaat iy
- : Shot Power Ko vy —
Litexrs Liters Liters Watts —Joules
22 7 Mar, 0.5 - 0.5 40.6 <049
23 7 Mar, 1.0 - 0.5 102.7 359
2 7 Mar, 0.5 - 1.0 146.8 469
28 7 Mar, s - 05 .S14
; 26 28 Feb, 1.0 - 1.0 $5.3 462
27 26 Peb, 0.5 - LS 39.3 .263
28 7 Mar, 2.0 - 0,5 21,2 <177
» 29 7 Mer, 1.5 - 1.0 11,75 .118
30 7 Mar, 1.0 - L5 59.5 130
31 7 Mar, 0.5 - 2.9 13.8 177

32 7 M, 2,5 - .5 8,34 2135
1 33 7 Max, 20 - 10 $.82 133
3% 7 Mar, 1.5 - 1.5 3,02 .120
s 28 Pebd, 1.0 - 2,0 13.8 »154
36 28 ¥eb, 0.5 - 2.5 1.1 7%
: 37 28 Feb, - 0.5 LS 52,4 o 260}
p 38 28 Fed, - 0.5 2,5 9,R2 .10

£ 39 28 Feh, - 1.0 1.0 55.3 . 198
40 28 ¥eh, - 1.0 2,0 6.40 0
41 27 Feb, - 3.0 - 9.82 W73
42 21 Feh, - - - . .
: Note: All shots contain 0.467 liter H, and 6,33 ift-x 02 fo nddithon oo
: : excess shown, Shot numher 42 fiot sampled,

N
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APPENDIX IV
| CALCULATION OF CH'ZMICAL ENERGY
Here it is assumed that the recombination of the hydrogen and oxygen
takes place {n such a manner that gaseous water {s formed {nftislly and

that the heat of combustion of this reaction is the available chemical

energy. The reaction is:

H,++0,=H. 0 + Q
vhere CQ. is the heat of eo-buntton in cal,/wmole and s equal to 57,800
cal/mole.

One liter of cosbustible mixture ( 0.33 02 and 0.67 H, ) was mafrn-
tained. Assuming that hydrogen and oxygen are ideal gases ( 22.4 litere/
mole ), there is 0.0299 mole of hydrogen and 0.0149 moles of oxyzen., The
reaction will yield 0.0299 moles of water vapor and 1728 caloricz of hast.
Converting calorics to joulc; gives 7260 joules. The value of 7260 joiles
was used as the chemical energy in computing the chemical to acoustic

eunergy conversion efficiancies.
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